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SUMMARY 
The differential between the systolic and diastolic blood 
pressure levels was investigated as a measure of human energy expend­
iture. During the investigation, fifteen male subjects performed 
nine different tasks on a bicycle ergometer. The tasks were combin­
ations of three different horsepower outputs per minute: .OJ, « 0 5 , and 
. 0 7 horsepower and three different time durations: two minutes, five 
minutes, and eight minutes. The subjects' blood pressure was measured 
immediately before and immediately after the performance of each task 
with a sphygmomanometer. 
Three pressure variables were considered: post-task pressure 
level, difference between post and pre-task pressure levels, and per 
cent increase of post over pre-task pressure level. Analysis indicated 
that the level of the variables changed as the duration of the task 
or the energy output per minute of the task changed, but that the change 
was not always significant and was not homogeneous for the different 
subjects. The lack of homogeneity between subjects could not be 
accounted for by differences in the environmental conditions in which 
the subjects performed or by differences in physical fitness as meas­
ured by a military physical fitness test. Analysis further revealed 
that the variables were not indicative of the energy expended when the 
subjects were considered individually. Consequently, it was concluded 
that when tasks of a pedaling nature are performed by a human operator 
vii 
measurement of the differential between the systolic and diastolic 
blood pressure levels of the operator is not a reliable indicator of 




This study is an investigation of one possible measure of human 
energy expenditure occurring during the performance of muscular work. 
The measure is the differential "between the systolic and diastolic 
blood pressure levels. Few operationally useable measuring techniques 
are available to the individual interested in measuring the energy 
expenditure occurring during the performance of work, and this investi­
gation was conducted to determine if the measurement of systolic-dias-
tolic blood pressure differential could become a relatively reliable 
measuring technique. 
Several professional groups including biologists, engineers, 
physiologists, psychologists, and sociologists are interested in man's 
relation to his working environment and in improving work systems. Of 
these groups, industrial engineers have been most concerned with the 
actual design of motion patterns to be followed in performing tasks, 
and work measurement techniques such as stop watch time study and pre­
determined time systems, for example, have been developed to aid them 
in measuring the work content of tasks. These rules and techniques are 
operational and have been used with some success in industrial prac­
tice for a number of years. Present task design and work measurement 
techniques could perhaps become more reliable, however, if they more 
adequately considered the ability of the human body to produce mechan­
ical energy and the physiological cost of such energy production (l). 
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E x p e r i m e n t s have been p e r f o r m e d t o s t u d y t h e p h y s i o l o g i c a l 
e f f e c t s o f m u s c u l a r w o r k and have shown t h a t s e v e r a l p h y s i o l o g i c a l 
f u n c t i o n s change f r o m a r e s t i n g l e v e l t o a w o r k i n g l e v e l a s an i n d i v i d ­
u a l p e r f o r m s a t a s k . E o r example ; h e a r t r a t e , b l o o d p r e s s u r e , c a r d i a c 
o u t p u t , p u l m o n a r y v e n t i l a t i o n , oxygen c o n s u m p t i o n , c h e m i c a l c o m p o s i t i o n 
o f t h e b l o o d and u r i n e , body t e m p e r a t u r e , and t h e c h e m i c a l s t a t e o f 
m u s c l e s a r e a l l changed b y m u s c u l a r a c t i v i t y ( 2 ) ( 3 ) . Some e x p e r i ­
m e n t e r s , B r o u h a f o r example (k) ( 5 ) ( 6 ) , have shown t h a t c e r t a i n o f 
t h e s e p h y s i o l o g i c a l v a r i a b l e s can be used t o i n d i c a t e t h e amount o f 
e n e r g y expended i n t h e p e r f o r m a n c e o f a t a s k ; h o w e v e r , m o s t o f t h e meas­
u r i n g t e c h n i q u e s u s e d t o o b t a i n t h e d a t a can n o t be c o n s i d e r e d a p p r o ­
p r i a t e e x c e p t i n t h e l a b o r a t o r y . Two i n v e s t i g a t i o n s ( 7 ) ( 8 ) have s u g ­
g e s t e d t h e p o s s i b i l i t y o f u s i n g t h e d i f f e r e n t i a l be tween t h e s y s t o l i c 
and d i a s t o l i c b l o o d p r e s s u r e l e v e l s a s a measure o f human e n e r g y e x ­
p e n d i t u r e , and t h e p r e s e n t e x p e r i m e n t i s d e s i g n e d t o i n v e s t i g a t e t h e 
c a p a b i l i t y o f t h i s measure t o i n d i c a t e t h e amount o f e n e r g y expended. 
T h e f o l l o w i n g summary o f t h e phenomenon o f b l o o d p r e s s u r e w i l l 
d e s c r i b e t h e v a r i a b l e u n d e r c o n s i d e r a t i o n . B l o o d , l i k e a n y o t h e r f l u i d , 
e x e r t s f o r c e a g a i n s t t h e w a l l o f t h e v e s s e l i n w h i c h i t i s c o n t a i n e d , 
and i t i s t h i s f o r c e t o w h i c h one r e f e r s when s p e a k i n g o f b l o o d p r e s ­
s u r e . 4 s a consequence o f t h e c o n s t r u c t i o n o f t h e c i r c u l a t o r y mechanism 
o f t h e b o d y , t h e p r e s s u r e i n t h e a r t e r i e s i s more d i r e c t l y i n f l u e n c e d b y 
t h e c a r d i a c c y c l e t h a n t h e p r e s s u r e i n t h e v e i n s . F o r t h i s r e a s o n , and 
s i n c e a r t e r i a l p r e s s u r e i s much g r e a t e r and e a s i e r t o measure t h a n v e n o u s 
p r e s s u r e , t h e a r t e r i a l p r e s s u r e i s u s u a l l y measured when one i s i n t e r e s t e d 
i n o b t a i n i n g a b l o o d p r e s s u r e m e a s u r e m e n t . A s a r e s u l t , t h e t e r m " b l o o d 
pressure" has come to connote arterial pressure and is so used in this 
thesis. 
In the cardiac cycle venous blood from the body enters the right 
atrium, passes into the right ventricle, is pumped to and circulates 
through the lungs, returns to the left atrium, enters the left ventricle, 
and is pumped into the aorta and thus throughout the body through the 
smaller arteries ( 9 p. 2 6 0 ) . The cycle consists of two phases: a con­
traction, or systole, phase and a relaxation, or diastole, phase. The 
pressure occurring in the arteries resulting from the contraction phase 
is termed systolic pressure and that resulting from the relaxation phase 
the diastolic pressure. The difference between these two pressures is 
termed the pulse pressure ( 1 0 p. 4 9 7 ) and is the variable of primary in­
terest in this thesis. 
In the present investigation the pulse pressure of fifteen male 
subjects ranging in age from twenty-one to fifty-one will be measured 
before and after they have performed work of varying intensity and dura­
tion on a bicycle ergometer. If the data from the experiment indicate 
that there is no significant difference, or at least no difference that 
can not be predicted and taken into account, between the pulse pressure 
levels of different individuals after they have performed work of the 
same intensity and duration, but that a significant difference does exist 
when work of different intensities and durations is performed and this 
difference is consistent for all individuals, then it could be concluded 





An Initial cursory examination of work measurement literature 
revealed that several variables have been investigated as possible indi­
cators of the energy expended during the performance of work by humans. 
Two of these variables, oxygen consumption and heart rate, appeared to 
have been studied in some detail; whereas others had received less atten­
tion. Of those that had received only exploratory investigation, the 
difference between systolic and diastolic blood pressure levels appeared 
to be most promising as a good indicator of energy expenditure. Conse­
quently, a search of both the physiological and work measurement litera­
ture was undertaken to familiarize the author with previous experimenta­
tion utilizing some measure of blood pressure as a work measurement 
device and also with the factors that affect blood pressure levels. In 
addition, a survey was made of literature concerning the variables of 
oxygen consumption, heart rate, heart sound, galvanic skin response, and 
reaction forces. Results of the survey, along with a discussion of blood 
pressure, are presented in this chapter. 
Oxygen Consumption 
The quantity of oxygen consumed by the body during the performance 
of work has been investigated as a measure of energy expenditure. In 
some of the early experimentation researchers attempted to obtain reliable 
information concerning energy expenditure by measuring the amount of 
oxygen converted to carbon dioxide during the performance of a task ( l l ) . 
Although the equipment was cumbersome to the worker and the data were 
somewhat tedious to analyze, this method provided some useful informa­
tion concerning the energy efficiency of such jobs as pushing wheel­
barrows and filing metal. The reader may refer to Barnes ( 1 2 ) for a 
summary of the conclusions reached in a portion of this early experimen­
tation. 
A study of oxygen consumption as a function of the number of foot­
pounds of work performed led Schneider to the following conclusion: 
" . . . with moderate loads of work the adding of equal increments to the 
load results in approximately equal increments in the absorption of oxy­
gen" ( 1 3 p. 355 ) • Studies of walking have shown, furthermore, that mini­
mal oxygen cost resulted when individuals walked at or near the supposedly 
"normal" pace of three miles per hour ( 1 2 ) and Lauru (l) has found that 
minimal oxygen consumption results when tasks are performed using motion 
patterns judged to be superior by force platform analysis as opposed to 
using other patterns. Oxygen consumption thus appears to be related to 
the amount of work performed. 
Anson (ik) undertook an experiment to determine if the oxygen cost 
per minute to the worker could be used as a measure of the characteristic 
which time study analysts assess while making time study ratings. Anson's 
results led him to conclude that oxygen cost per minute is not the char­
acteristic assessed by time study analysts or even a measure of the 
characteristic. 
The use of oxygen consumption as a measure of energy expenditure 
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has proven successful, using methods developed at the Max-Planck-Institut 
Fur Arbeitsphysiologie In Dortmund, Germany. The Max-Planck method is 
actually an indirect calorimetry method measuring energy expenditure in 
terms of caloric values. The caloric values depend upon the oxidation 
of nutritive materials such as fats, carbohydrates, and proteins, however, 
and oxygen consumption thus can be used to measure the energy expended. 
Laboratory experiments as well as measurements of the energy expenditure 
of certain agricultural tasks have been successfully performed in this 
country using the Max-Planck method ( 1 5 ) • 
In a review of experiments utilizing indirect calorimetry covering 
the period 1900 to 1955> Passmore and Durnin ( l 6 ) state that the validity 
of indirect calorimetry as a basis for measuring energy expenditure has 
been firmly established. Their review includes experiments concerned 
with the energy expended during sleep, industrial work, and recreational 
activities and also the effects of age, sex, body size, race, and climate 
upon energy expenditure. Included in their review is a suggested physio­
logical basis for grading industrial work (p. 8 3 2 ) . 
Although oxygen consumption may be a good indicator of energy 
expenditure, it has not been shown to be a good measure of overall 
physiological costs. Brouha and Maxfield (6 ) have reported experiments 
demonstrating that oxygen consumption during work and the rate at which 
it returns to a resting level are affected only to a minor degree by 
environmental conditions, and that it does not indicate the increase in 
physiological strain which is known to occur when work is performed in 
uncomfortable surroundings. 
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I N S U M M A R Y , T H E R A T E O F O X Y G E N C O N S U M P T I O N D U R I N G T H E P E R F O R M A N C E 
O F A T A S K CAN H E U S E D T O I N D I C A T E T H E AMOUNT O F E N E R G Y E X P E N D E D , P A R T I ­
C U L A R L Y WHEN U S E D I N I N D I R E C T C A L O R I M E T R Y ; H O W E V E R , I T D O E S N O T S E E M T O 
B E A GOOD I N D I C A T O R O F O V E R A L L P H Y S I O L O G I C A L C O S T S . 
H E A R T R A T E 
T H E P O S S I B I L I T Y O F U S I N G T H E HUMAN H E A R T R A T E AS A N I N D I C A T O R O F 
T H E P H Y S I O L O G I C A L C O S T S O F WORK HAS R E C E I V E D C O N S I D E R A B L E A T T E N T I O N F R O M 
B R O U H A ( 2 ) (k) ( 6 ) . B R O U H A ' S E X P E R I M E N T S I N C L U D E T H E E F F E C T S ON H E A R T 
R A T E O F W O R K , E X E R C I S E , T E M P E R A T U R E , I M P E R V I O U S C L O T H I N G , A G E O F S U B J E C T , 
T I M E O F D A Y , AND A D E Q U A C Y O F W A T E R S U P P L Y . H I S M E T H O D C O N S I S T S O F C O U N T ­
I N G T H E P U L S E R A T E A T O N E M I N U T E I N T E R V A L S D U R I N G T H E F I R S T T H R E E M I N U T E S 
O F T H E R E C O V E R Y P E R I O D F O L L O W I N G T H E T E R M I N A T I O N O F WORK W H I L E T H E S U B ­
J E C T I S S I T T I N G Q U I E T L Y . T H E P U L S E R A T E S A R E U S E D T O C O N S T R U C T " H E A R T 
R A T E R E C O V E R Y C U R V E S " W H I C H I N D I C A T E T H E A C T U A L V A L U E O F T H E P U L S E AND 
T H E R A T E O F R E C O V E R Y TOWARD T H E R E S T I N G L E V E L ( 4 ) . B R O U H A ' S E X P E R I M E N T S 
I N D I C A T E T H A T P U L S E R A T E C H A N G E S G I V E S A T I S F A C T O R Y M E A S U R E M E N T S O F T H E 
P H Y S I O L O G I C A L E X P E N D I T U R E T H A T I S R E Q U I R E D O F A G I V E N J O B P R O V I D E D T H E 
J O B I S O F A R E L A T I V E L Y S T R E N U O U S N A T U R E ; T H E H E A V I E R T H E P H Y S I O L O G I C A L 
LOAD T H E H I G H E R T H E H E A R T R A T E AND T H E MORE S L O W L Y T H E R E T U R N T O N O R M A L . 
B R O U H A HAS F U R T H E R SHOWN T H A T H E A R T R A T E R E S P O N S E S I N D I C A T E N O T O N L Y T H E 
I N C R E A S E D S T R A I N O F P E R F O R M I N G A N I N D I V I D U A L WORK P E R I O D , B U T A L S O T H E 
R A P I D A C C U M U L A T I O N O F S T R A I N I N D U C E D W I T H E A C H S U C C E S S I V E C Y C L E ( 6 ) . 
F R O M H I S E X P E R I M E N T S H E HAS C O N C L U D E D T H A T I F T H E A V E R A G E V A L U E O F T H E 
F I N A L R E C O V E R Y P U L S E I S M A I N T A I N E D A T A B O U T 110 B E A T S P E R M I N U T E , T H E 
WORK C A N B E M A I N T A I N E D I N A P H Y S I O L O G I C A L S T E A D Y S T A T E . T H E P H Y S I C A L 
C O N D I T I O N O F T H E WORKER HAS SOME E F F E C T ON T H E H E A R T R A T E , H O W E V E R , F O R 
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the better his condition the smaller will be the increase in heart rate 
for a standard work load and the more rapid the return to a resting 
level. 
Several investigators have reported results tending to support 
the conclusions drawn by Brouha. Asmussen and Nielsen ( 1 7 ) have reviewed 
several experiments and concluded that as the individual changes from a 
resting to a working condition the pulse rate immediately increases very 
rapidly and then continues to rise at a more gradual rate toward a 
steady state condition. Experimentation at the Max-Planck-Institut ( 1 8 ) 
has shown that a rising pulse level over the working day is a significant 
indicator of increasing fatigue and that heart rate is correlated with 
caloric output. Hall ( 7 ) found that heart rate increased significantly 
as time on a cycling task progressed, and Suggs and Splinter ( 1 9 ) found 
that the relation between heart rate response and workload increased 
linearly. Schneider cautions, however, that "it is also evident that 
eventually a load of work may be undertaken to which the heart is unable 
to respond with any further increase in frequency of beating" ( 1 3 p. 3 5 7 ) . 
Furthermore, Edholm, et al. ( 2 0 ) have shown that heart rate may be sig­
nificantly affected by the degree of acclimatization of the worker who 
is performing in extreme temperatures and present a correction factor 
which must be applied to the heart rate data if reliable determinations 
of energy expenditure are to be made in abnormal temperature conditions. 
Deney ( 2 1 ) has shown that heart rate measured immediately after 
the completion of a task correlates highly with work pace, and Young ( 2 2 ) 
has investigated the possibility of using heart rate as an objective method 
for rating operator performance on jobs of varying physical difficulty. 
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Young's results showed that the combined effects of task difficulty and 
operator pace, which he termed work intensity, could be predicted from 
heart rates measured after the performance of work; however, a slight 
significant difference was found to exist between rates of individuals 
performing the tasks. 
In summary, heart rate appears to be a good indicator of the physio 
logical costs incurred in performing work although it is somewhat limited 
by the manner in which it is affected by the physical fitness of the 
individual. It is interesting to note that several of the "principles 
of motion economy" ( 1 2 p. 2lk) have been evaluated using heart rate as 
a criterion and have been substantiated as valid principles ( t j ) . 
Heart Sound 
Schwartz ( 8 ) has conducted what appears to be the only investi­
gation of heart sound as an indicator of the physiological costs of 
work. His results showed that heart sound intensity increases linearly 
as work periods progress, and he concluded that it probably is an accu­
rate indicator of fatigue in jobs of a light nature. Nevertheless, he 
pointed out that heart sound intensity could not be considered an opera­
tional measure using the then available equipment due to error introduced 
in the sound recordings by the subject's physical activities of speaking 
and coughing and by extraneous environmental noises. 
Galvanic Skin Response 
Galvanic skin response, a measure of the electrical resistance of 
the skin, has also been investigated as a measure of physiological costs. 
Ekey and Hall ( 2 4 ) state that the level of skin resistance is often 
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regarded as being dependent upon the general level of excitation of the 
muscles of the body; however, 
"There is still much fundamental research to be done in 
determining exactly what it measures, how much influence 
relatively unimportant factors may have upon the level of 
resistance, and how accurate it is as a measure of the 
amount of effort being expended as well as a reflection of 
the relative changes of effort" (p. 2 5 0 ) . 
Blank and Finesinger ( 2 5 ) found that the galvanic skin response increased 
immediately in a step test, and Hall ( 7 ) found that it increased lin­
early with work over time. Hall also found the galvanic skin response 
to be nonhomogeneous among individuals, thus casting some doubt on its 
use for work measurement. 
Force Platforms 
In an effort to determine physiological costs without actually 
measuring a physiological variable and thus avoiding the necessity of 
having to burden the worker with recording devices that might interfere 
with his normal tasks, several investigators (l) ( 2 6 ) ( 2 7 ) ( 2 8 ) ( 2 9 ) 
have become interested in designing and utilizing platforms that will 
measure the reaction forces produced by workers while performing tasks. 
The force platform, as initially developed by Lauru (l), consists of a 
triangular platform mounted on quartz crystals that can sense the verti-
cle, horizontal, and transverse forces developed by a worker performing 
tasks while standing on the platform. 
Although the force platform measures forces only and not a physio 
logical variable, the platform data can be manipulated so as to give a 
reliable indication of the physiological costs of the work and thus may 
be quite useful as a measuring device ( 2 9 ) • In addition to its possible 
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use in work measurement, the force platform may he useful in methods 
analysis and task design. Lauru (l) has used the platform to select 
the motion pattern requiring the least amount of physiological costs 
from among all possible patterns that could accomplish the same task, 
and Hudson (27) has found the use of a force platform helpful in deter­
mining the correct dimensional characteristics of workplaces. 
Blood Pressure 
The possibility of utilizing some measure of blood pressure as 
an indicator of the energy expended during the performance of work can 
be comprehended more fully if one is aware of some of the factors affect 
ing blood pressure levels. Consequently, a discussion of factors affect 
ing blood pressure is presented before proceeding to a discussion of 
experimentation investigating this variable. 
Several investigators have reported that blood pressure levels 
can be affected by social, environmental, psychological, and physical 
factors. Of these four, social factors seem to have the least effect, 
and evidence concerning them is somewhat sparse. Some of the social fac 
tors reportedly having an effect on pressure are type of occupation, 
marital status, size of family and social status (30). 
Certain environmental factors definitely have an effect on blood 
pressure. Stroud, (ji) in a survey of a number of articles, reported 
that a warm environment will result in lower pressure levels than a cool 
one and that barometric pressure has no significant effect. Stroud 
further stated that there is a dinural increase in pressure. Another 
writer, Comstock (32), agrees that temperature has an effect but ques­
tions the conclusion that dinural increases in pressure occur. 
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A L M O S T A L L E X P E R I M E N T E R S A G R E E T H A T T H E P R E S S U R E L E V E L C A N B E 
A F F E C T E D B Y P S Y C H O L O G I C A L F A C T O R S . S T R O U D ( J L ) P R E S E N T S A C O M P R E H E N S I V E 
D I S C U S S I O N O F T H E S E P O I N T I N G O U T T H A T F E E L I N G S O F P L E A S U R E , A N G E R , F R I G H T , 
A P P R E H E N S I O N , E X C I T E M E N T , AND G E N E R A L N E R V O U S N E S S MAY R A I S E P R E S S U R E ; 
WHEREAS B L O O D P R E S S U R E MAY F A L L D U R I N G F E E L I N G S O F C O M P L I A N C E A N D S U B ­
M I S S I O N . S T R O U D F U R T H E R S T A T E S T H A T T H E P R E S S U R E I S N O R M A L L Y SOMEWHAT 
E L E V A T E D WHEN I T I S READ F O R T H E F I R S T T I M E , B U T T H A T A N E X P L A N A T I O N O F 
• 
T H E P R O C E D U R E B E I N G F O L L O W E D W I L L G E N E R A L L Y E L I M I N A T E A L L O R MOST O F T H I S 
E F F E C T . 
T H E MOST S I G N I F I C A N T F A C T O R S A F F E C T I N G B L O O D P R E S S U R E A R E P H Y S I C A L 
I N N A T U R E . P R E S S U R E S H A V E B E E N F O U N D T O C O R R E L A T E P O S I T I V E L Y W I T H W E I G H T 
A N D A G E , A N D T A B L E S G I V I N G A V E R A G E P R E S S U R E L E V E L S I N R E L A T I O N T O W E I G H T 
A N D A G E H A V E B E E N C O N S T R U C T E D ( 3 3 ) ( 3 * 0 - F U R T H E R M O R E , A S I G N I F I C A N T 
V A R I A T I O N I N P R E S S U R E HAS B E E N R E P O R T E D T O E X I S T B E T W E E N T H E S E X E S AND 
AMONG T H E R A C E S ( 3 1 ) ( 3 2 ) ( 3 3 ) . T H I S S T U D Y I S P A R T I C U L A R L Y C O N C E R N E D W I T H 
T H E P H Y S I C A L F A C T O R O F E X E R C I S E , AND SOME F I N D I N G S C O N C E R N I N G I T S S P E C I F I C 
E F F E C T S H O U L D B E M E N T I O N E D . 
A S S O O N AS E X E R C I S E B E G I N S T H E C O N T R A C T I N G M U S C L E S P R O D U C E C A R B O N 
D I O X I D E A N D O T H E R M U S C L E M E T A B O L I S M P R O D U C T S W H I C H C A U S E T H E B L O O D V E S ­
S E L S T O D I L A T E AND T H U S I N C R E A S E T H E FLOW O F B L O O D T O T H E A C T I V E T I S S U E . 
T H I S I N C R E A S E D FLOW O F B L O O D T O T H E A C T I V E A R E A T R I G G E R S C E R T A I N P H Y S I O ­
L O G I C A L M E C H A N I S M S W H I C H C A U S E A N I N C R E A S E I N H E A R T R A T E AND S T R O K E V O L U M E 
A N D , C O N S E Q U E N T L Y , A N I N C R E A S E I N B L O O D P R E S S U R E ( 9 P . 3 5 2 ) ( 1 7 ) - S Y S T O L I C 
P R E S S U R E N O R M A L L Y D E M O N S T R A T E S A G R E A T E R P E R C E N T R I S E T H A N D O E S D I A S T O L I C 
W I T H T H E R E S U L T T H A T T H E D I F F E R E N C E B E T W E E N T H E T W O , P U L S E P R E S S U R E , I N ­
C R E A S E S . B O T H P R E S S U R E S T E N D T O R I S E MORE D U R I N G R A P I D A N D E X H A U S T I V E 
e x e r c i s e t h a n d u r i n g e x e r c i s e o f a m o d e r a t e n a t u r e c a u s i n g a c o r r e s p o n d ­
i n g i n c r e a s e i n p u l s e p r e s s u r e . I t i s i n t e r e s t i n g t o n o t e t h a t t h e p e r ­
f o r m a n c e o f s t a t i c e x e r c i s e , s u c h a s t h e s q u e e z i n g o f a d y n a n o m e t e r , 
c a u s e s p r e s s u r e t o r i s e t o a d i f f e r e n t l e v e l t h a n t h a t r e s u l t i n g f r o m 
t h e p e r f o r m a n c e o f a n e q u a l a m o u n t o f d y n a m i c w o r k ( 3 5 ) ( 3 6 ) . 
F o l l o w i n g t h e p e r f o r m a n c e o f e x e r c i s e , s y s t o l i c , d i a s t o l i c , a n d 
p u l s e p r e s s u r e s a l l f a l l t o s u b n o r m a l l e v e l s ; t h e l e v e l t o w h i c h p u l s e 
p r e s s u r e f a l l s b e i n g r e l a t i v e l y e q u a l r e g a r d l e s s o f t h e i n t e n s i t y o f 
t h e e x e r c i s e p e r f o r m e d . P u l s e p r e s s u r e r e t u r n s t o n o r m a l m o r e s l o w l y 
t h e m o r e e x h a u s t i v e t h e e x e r c i s e , h o w e v e r ( 3 7 ) * 
A l t h o u g h i t h a s b e e n c o n c l u d e d t h a t m e a s u r e m e n t o f b l o o d p r e s s u r e 
l e v e l s c a n n o t b e u s e d t o p r e d i c t t h e c a p a c i t y o f i n d i v i d u a l s t o p e r f o r m 
w o r k ( 5 ) j e x p e r i m e n t a t i o n s e e m s t o i n d i c a t e t h a t s o m e m e a s u r e o f b l o o d 
p r e s s u r e m i g h t b e u s e f u l i n w o r k m e a s u r e m e n t . B u r g e r , e t a l . ( 3 6 ) f o u n d 
t h a t t h e r e a c t i o n o f s y s t o l i c p r e s s u r e t o b o t h c y c l i n g a n d c r a n k i n g t a s k s 
f o l l o w e d t h e s a m e p a t t e r n a s d i d t h e h e a r t r a t e r e s p o n s e t o t h e s e t a s k s . 
F u r t h e r m o r e , H a l l a n d S c h w a r t z ( 7 ) ( 8 ) h a v e r e p o r t e d t h a t p u l s e p r e s s u r e 
s e e m s t o h a v e p o s s i b i l i t i e s a s a w o r k m e a s u r e m e n t t o o l . 
W h i l e m e a s u r i n g c e r t a i n p h y s i o l o g i c a l v a r i a b l e s o f s u b j e c t s p e r ­
f o r m i n g n o n - s t r e n u o u s w o r k o n a t o r s i o n b a r d e v i c e , S c h w a r t z ( 8 ) f o u n d 
t h a t " . . . b o t h s y s t o l i c a n d d i a s t o l i c b l o o d p r e s s u r e v a r i e d s i g n i f i c a n t l y 
a m o n g w o r k e r s . . . h o w e v e r , t h e d i f f e r e n c e b e t w e e n s y s t o l i c a n d d i a s t o l i c 
p r e s s u r e s w a s n o t s i g n i f i c a n t l y a f f e c t e d b y t h e v a r i o u s o p e r a t o r s " ( p . 2 5 ) 
H a l l ( 7 ) f o u n d o n l y s l i g h t v a r i a t i o n i n p u l s e p r e s s u r e b e t w e e n s u b j e c t s 
w h o w e r e p e r f o r m i n g w o r k o f a s t r e n u o u s n a t u r e o n a b i c y c l e e r g o m e t e r , 
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thus showing that the condition of homogeneity held for both mild and 
strenuous exercise and ruling out the possibility that the lack of sig­
nificance was due to low energy output. Hall and Schwartz both found 
that pulse pressure showed a quadratic relationship with time as the work 
period progressed, that pulse pressure increased significantly as the 
time at the task increased, and that it showed a significant variation 
due to speed when work of constant load was performed. Hall further 
noted that pulse pressure discriminated among loads as the heart rate 
approached a maximum. Both authors stated that although their results 
were encouraging, experiments should be undertaken to validate them using 
longer time periods and work loads of varying intensities. The present 
experiment is designed to serve a part of this validation procedure. 
Summary 
The present literature survey indicates that measurements of oxy­
gen consumption and heart rate have been successfully utilized to indicate 
the energy expended during the performance of work. Of the other varia­
bles considered, pulse pressure measurement appears to hold the most 
promise as an additional measure of energy expenditure, and it is the 
purpose of the present investigation to provide information concerning 
the capability of this measure. 
CHAPTER III 
INSTRUMENTATION 
The major pieces of equipment used in this experiment were (l) 
a Riester aneroid sphygmomanometer, ( 2 ) an Arhoo stethoscope, and (3 ) 
a friction-"brake bicycle ergometer. Other equipment included a Minerva 
decimal-minute stop watch for timing the length of tasks and an Air-
guide combination barometer for measuring the temperature, relative 
humidity, and barometric pressure in the laboratory. A discussion of 
the selection of the sphygmomanometer as a measuring device and a func­
tional description of the bicycle ergometer follow. 
Sphygmomanometer Selection 
At present there are two techniques generally employed for obtain­
ing arterial blood pressure measurements. One of these, intra-arterial 
catheterization, gives a direct reading of the pressure as the blood is 
able to work directly against a manometer; however this method requires 
surgical procedures that are not feasible when experimenting with human 
subjects ( 3 8 ) . The second method, sphygmomanometry, results in indirect 
measurements of intermittent systolic and diastolic pressure levels. 
Although it has been argued by some that sphygmomanometers are incapable 
of accurate or reliable measurements (39) (^+0), a*i experiment in i960 (kl) 
indicated that sphygmomanometry, if practiced carefully, is reliable even 
though it seems to systematically underestimate the systolic and over­
estimate the diastolic pressure. 
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Other methods of measuring blood pressure have been attempted, 
" . . . including the measurement of arterial distension, of pulse wave 
velocity, and of opthalmic artery occlusion, and the use of finger type 
sphygmomanometers" (p. 1 , ( 4 2 ) ) . None of these methods has proven to 
be particularly successful, however, and even those that seem to be 
somewhat promising have not been thoroughly tested ( 4 2 ) ( 4 3 ) ( 4 4 ) . 
In view of the fact that intra-arterial catheterization is in-
feasible, that no new measuring devices have been perfected, and that 
sphygmomanometry has been shown to be reliable, the sphygmomanometer was 
chosen as the device to be used to measure blood pressure levels in this 
experiment. In an effort to reduce possible measurement error, the 
American Heart Association's recommendations for determining human blood 
pressure by sphygmomanometers were followed ( 4 0 ) . 
Friction-Brake Bicycle Ergometer 
The task device used in this experiment was a bicycle ergometer 
provided with a calibrated spring brake for varying the work load and an 
electrically driven tachometer by which the subject could regulate his 
speed. Structural features of the device include adjustments for seat 
height, length of reach to the hand grips, radius of pedal arc, and elas­
tic pedal straps for securing the pedaler's shoes to the pedals. Figure 
1 presents a photograph of the bicycle ergometer. 
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CHAPTER I V 
EXPERIMENTAL PROCEDURE 
DESCRIPTIONS OF THE LABORATORY, THE EXPERIMENTAL SUBJECTS, THE 
TASKS, THE EXPERIMENTAL DESIGN, THE CONCOMITANT VARIABLES CONSIDERED, 
AND THE PROCEDURE FOLLOWED ARE PRESENTED I N TH IS CHAPTER. 
LABORATORY 
THE EXPERIMENT WAS CONDUCTED FROM APRIL 2 9 TO MAY 2 2 , > I*1 A 
BASEMENT ROOM OF THE SCHOOL OF INDUSTRIAL ENGINEERING OF THE GEORGIA 
INSTITUTE OF TECHNOLOGY. THE ROOM HAD PREVIOUSLY BEEN USED AS AN OFFICE 
BY A MEMBER OF THE INDUSTRIAL ENGINEERING STAFF. THE ROOM WAS 9 * 7 5 FEET 
LONG BY 9 *4 FEET WIDE, BAD A BROWN T I L E FLOOR WITH A BORDER OF BLACK T I L E 
AND WAS LIGHTED BY TWO FLUORESCENT LIGHTING FIXTURES WHICH HUNG FROM THE 
C E I L I N G . THE LIGHT INTENSITY W I T H I N THE ROOM WAS TWENTY FOOT-CANDLES 
WHICH I S W I T H I N THE RECOMMENDED RANGE FOR INDUSTRIAL WORK PLACES 
THE WALLS OF THE ROOM WERE OF BRICK PAINTED A LIGHT PEA-GREEN WITH AN 
EIGHT INCH BORDER OF DARKER GREEN AT THE BOTTOM. THE CEIL ING WAS MADE 
OF WHITE PLASTER BOARD. THE ROOM WAS VENTILATED BY A CENTER-HUNG TRANSOM 
WINDOW WHICH WAS KEPT OPEN DURING THE EXPERIMENT BUT WAS COVERED BY A CUR­
T A I N TO PROVIDE PRIVACY. I N ADDITION TO THE BICYCLE ERGOMETER, THE ROOM 
CONTAINED A SWIVEL CHAIR WITH A PADDED SEAT, A WRITING TABLE, A STOOL, A 
HAT RACK, A TAPE RECORDER, THE A IR -GUIDE COMBINATION BAROMETER, A TRASH 
CAN, A TIME STUDY C L I P BOARD, AND MISCELLANEOUS HAND TOOLS USED TO ADJUST 
THE BICYCLE PEDALS. THE TAPE RECORDER AND THE BAROMETER WERE POSITIONED 
on the writing table along with the clip board which contained the data 
sheets and held a stop watch used for tiniing the work periods. The 
Appendix contains a sample data sheet. 
Subjects 
It was desirable to obtain subjects for the study who would be 
representative of that segment of the population which engages in physi­
cal work. Consequently, subjects who were physically fit and whose ages 
were representative of the ages of the majority of individuals within the 
working population were chosen. The study is not concerned with individual 
who were not physically fit or who were relatively young or old in rela­
tion to the normal working population. 
Twenty-two of the officers and enlisted men of the Georgia Insti­
tute of Technology Army Reserve Officers Training Corps command volun­
teered to serve as subjects for the investigation. In addition to the 
military personnel, five graduate students also volunteered their ser­
vices. The volunteers were divided into the following five age groups: 
2 1 to 25 years, 26 to 3 0 years, 31 to 35 years, 36 to h0 years, and k-6 
to 51 years. The age group of kl to 4 5 years was omitted, as no indi­
viduals of that age were among the volunteers. Three subjects were 
selected from each age group with age as the selection criterion and 
preference being given to the military personnel as they were considered 
more representative of the physically active, yet nonathletic segment of 
the population than the graduate students. 
Thirteen subjects were chosen from among the military personnel, 
and two subjects were chosen from among the graduate students who vol­
unteered. One of the graduate students selected was in the 21 to 25 
Y E A R O L D A G E G R O U P , AND T H E O T H E R WAS I N T H E 26 T O 3 ° Y E A R O L D A G E G R O U P 
N O N E O F T H E S U B J E C T S HAD P R E V I O U S E X P E R I E N C E W I T H B I C Y C L E E R G O M E T E R S . 
T H E S U B J E C T S * P E R S O N A L D A T A A R E G I V E N I N T A B L E 1; T H E D A T A I N C L U D E T H E 
P E R C E N T A G E S C O R E S T H E M I L I T A R Y P E R S O N N E L HAD R E C E I V E D ON T H E I R MOST 
R E C E N T P H Y S I C A L F I T N E S S T E S T . T H E M I L I T A R Y P H Y S I C A L F I T N E S S T E S T WAS 
A D M I N I S T E R E D D U R I N G T H E P E R I O D O F T H E E X P E R I M E N T AND T H U S T H E S C O R E S 
WERE R E P R E S E N T A T I V E O F T H E I R C U R R E N T F I T N E S S . T H E TWO G R A D U A T E S T U D E N T S 
S U B J E C T S NUMBER TWO AND F I V E , AND T H R E E O F T H E M I L I T A R Y P E R S O N N E L , S U B ­
J E C T S T H I R T E E N , F O U R T E E N AND F I F T E E N , D I D N O T T A K E T H E T E S T ; T H U S S C O R E S 
A R E N O T A V A I L A B L E F O R T H E M . 
T A B L E 1. P E R S O N A L D A T A C O N C E R N I N G S U B J E C T S 
W E I G H T 
S U B J E C T A G E ( L B S ) 
1 2 1 135 
2 2 2 1 7 7 
3 25 169 
k 2 8 I 8 3 
5 2 8 185 
6 2 9 155 
7 32 LH2 
8 3^ 19^ 
9 3^ 196 
10 36 132 
11 36 180 
12 3 9 181 
13 46 182 
14 ^-7 2 3 2 
15 51 F$K 
H E I G H T W T . H T . R A T I O F I T N E S S 
( I N . ) ( L B S I N . ) S C O R E 
6 8 I . 9 8 81$ 
70 2 . 5 3 
76 2 . 2 2 Q&FO 
72 2 . 5 6 7 2 $ 
71 2 . 6 0 
71 2 . 2 0 77$ 
7 0 2 . 0 4 76$ 
7 0 2 . 7 7 76$ 
72 2 . 7 1 2 8 $ 
71 1 . 8 6 71$ 
72 2 . 5 1 6 9 $ 
72 2 . 5 3 6 4 $ 
6 8 2 . 6 8 
73 3 - 1 8 
6 8 2 . 2 8 
Tasks 
Hall and Schwartz ( 7 ) ( 8 ) have shown that when work of a constant 
load is performed at varying speeds the speed of work significantly 
affects the level of pulse pressure. They have also shown that pulse 
pressure demonstrates a quadratic relationship with time as work cycles 
made up of intermittent work and rest periods progress. The present 
experiment was designed to determine the effect of individual tasks on 
the pressure level. As Hall and Schwartz had previously studied the 
effects of speed on the pressure level, speed of work was held constant 
in the present experiment and task intensities and durations were varied. 
It was not known whether task intensity or duration would more significantly 
affect the pressure level, however, so an experimental design balanced 
with respect to the number of levels of intensity and duration was selec­
ted. The design selected includes three task intensities and three dura-
t ions. 
Ekey and Hall ( 2 4 ) ( 7 ) have stated that energy outputs of . 0 2 ^ to 
. 0 4 6 horsepower per minute maintained for three minutes by untrained 
subjects constitute mild exercise; whereas outputs of . 0 6 4 horsepower per 
minute maintained for three minutes are somewhat strenuous. Wilkie ( 4 6 ) 
stated that in steady state work of five minutes or more duration that 
the upper limit of energy outputs for ordinary (nonathletic) individuals 
is . 2 8 0 horsepower, and Muller ( 4 7 ) has shown that an individual's occu­
pational working capacity is approximately twenty per cent of his maximum 
working capacity. Application of Muller's percentage to Wilkie's data 
reveals that the occupational working capacity for ordinary individuals 
performing tasks of five minutes or more in duration is . O56 horsepower. 
Experimentation by Karpovich and Prestrecov ( 4 8 ) with a group of subjects 
similar in age to those used in the present experiment indicated that 
individuals who had received no prior training on a bicycle ergometer 
could work for approximately ten minutes at a load of . 06 horsepower be­
fore becoming exhausted. 
From the above information, the task durations were set at two, 
five and eight minutes, and the energy outputs were set at .OJ, . 0 5 , and 
. 0 7 horsepower per minute. These levels result in a total of nine dif­
ferent intensity-duration combinations, the minimum being in the range of 
Ekey and Hall's mild level, the median being somewhat below Wilkie's occu­
pational working capacity level, and the maximum being approximately equal 
to Karpovich 1s exhaustive level. The energy outputs thus are representa­
tive of what appears to be the range of working capacity for the subjects. 
The energy outputs were varied by having the subject maintain a 
constant number of revolutions per minute for each of the nine tasks and 
varying the load on the ergometer brake. For the particular bicycle ergo­
meter used in this investigation, brake loads of I . 9 2 , 1 . 3 7 ^ A N C I 0 . 8 2 
pounds and a tachometer reading of 2 0 rpm resulted in the desired energy 
outputs. 
The subjects were required to rest seated in the swivel chair for 
ten minutes before performing each task. 
Experimental Design 
A factorial experimental design ( 4 9 ) capable of isolating the 
effects upon the pulse pressure level of the different subjects within the 
five age groups, the age of the subject, the intensity of the tasks, and 
the duration of the tasks was utilized. The experimental design is shown 
in Figure 2 . 
2 3 
. 0 3 HP . 05 HP . 0 7 HP 
2 min. 5 min. 8 min. 2 min. 5 min. 8 min. 2 min. 5 min. 8 min. 
A L 
S 2 
A 2 S 5 
S 6 
S 7 
A 3 S 8 
S 9 
S 1 0 
\ S 1 I 
S 1 2 
S 1 3 
A 5 
S 1 5 
Figure 2 . Experimental Design 
Concomitant Variables 
Although the concomitant variables were generally uncontrollable an 
effort was made to keep them within normal limits, and they were observed 
and recorded for possible analysis. The environmental concomitants re­
corded were room temperature, relative humidity, and barometric pressure. 
Values for these variables were recorded at the beginning of each per­
formance. Subject concomitants considered were weight, height, weight 
height ratio, and relative physical fitness; the data have been presented 
previously in Table 1. As there seems to be some controversy as to whether 
a dinural effect occurs in blood pressure (see page 1 1 ) the time of day 
during which any one subject performed was held constant although sub­
jects performed from 8 : 0 0 A.M. until 4 : 0 0 P.M. during the day. 
Procedure 
Prior to the experiment a laboratory schedule consisting of an orien 
tation period and three performance periods was arranged for each subject. 
The length of the orientation period was approximately fifteen minutes, 
and the performance periods lasted approximately an hour each. The sched­
ule was arranged so that the laboratory visits occurred on four differ­
ent days with the exception of subjects one, seven, and ten. These sub­
jects found it necessary to have the orientation period and the first 
performance period on the same day; a minimum of one hour separated the 
two periods in these cases. An attempt was also made to schedule the four 
laboratory visits within the same week, and this was possible with all 
subjects except numbers six, ten, and fifteen. The personal duties of 
these subjects made it necessary for them to schedule the laboratory visits 
over a two week period. 
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During the orientation period the general nature of the experi­
ment was explained, the subjects weight and height were determined, the 
subject's blood pressure was taken to familiarize him with the recording 
technique, a seat adjustment and pedal arc radius were determined such 
that when the pedal was at the top of its arc the subject experienced a 6 0 
degree knee-angle, and the subject was allowed to pedal the bicycle 
ergometer for two minutes to become accustomed to its operation. The 
knee-angle was held constant between subjects as previous experimentation 
had shown that it significantly affected one's ability to perform tasks 
of a pedaling nature ( 5 0 ) . The subject was told that he would be asked 
to perform three tasks during each of the three performance periods, and 
that he should not engage in any abnormal physical activity immediately 
prior to his performance periods. He was also told that a set of instruc­
tions would be played to him at the beginning of each performance period 
on a tape recorder. It was explained that the tape recorder was being 
used to present the instructions to insure that each subject received 
exactly the same information prior to each performance concerning the 
procedure to be followed ( 5 1 ) . 
Prior to the first performance period the sequence in which the 
subject was to perform his nine tasks was determined with the aid of a 
table of random numbers. The task sequence was determined in this manner 
in an effort to randomize the effect of practice upon the tasks. The 
bicycle seat height and the pedal arc radius were adjusted for each sub­
ject prior to each performance period. 
An explanation of the procedure used with one subject will suffice 
since all subjects were treated similarly. 
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A C C O R D I N G T O H I S S C H E D U L E F O R P E R F O R M A N C E P E R I O D S , T H E S U B J E C T 
A R R I V E D A T T H E L A B O R A T O R Y A T T H E B E G I N N I N G O F T H E H O U R , REMOVED H I S 
S H I R T AND R E S T E D Q U I E T L Y F O R T E N M I N U T E S I N T H E C H A I R . W H I L E T H E S U B ­
J E C T "WAS R E S T I N G , T H E L O C A T I O N O F H I S P U L S E WAS MARKED W I T H A B L A C K 
M A R K I N G P E N C I L T O A I D I N S T E T H O S C O P E P L A C E M E N T , AND T H E T A P E D I N S T R U C ­
T I O N S WERE P L A Y E D T O H I M . T H E T E X T O F T H E I N S T R U C T I O N S F O L L O W S . 
" T H I S R E C O R D E D S E T O F I N S T R U C T I O N S I S B E I N G U S E D T O 
I N S U R E T H A T A L L S U B J E C T S R E C E I V E T H E SAME I N F O R M A T I O N C O N ­
C E R N I N G T H E P R O C E D U R E T O B E F O L L O W E D . I F Y O U H A V E A N Y 
Q U E S T I O N S , P L E A S E A S K T H E M A T T H E C O M P L E T I O N O F T H E T A P E . 
I W I L L R E C O R D Y O U R Q U E S T I O N S SO AS T O H A V E A R E C O R D O F 
T H E M . WHEN T H E I N S T R U C T I O N S H A V E B E E N C O M P L E T E D , I W I L L 
T A P E T H E P R E S S U R E C U F F T O Y O U R U P P E R L E F T ARM SO T H A T I T 
W I L L B E I N P O S I T I O N T O RECORD Y O U R B L O O D P R E S S U R E . WHEN 
T H E C U F F I S I N P L A C E I S H A L L READ Y O U R R E S T I N G B L O O D P R E S ­
S U R E L E V E L . A F T E R Y O U R R E S T I N G B L O O D P R E S S U R E HAS B E E N 
R E C O R D E D , MOUNT T H E B I C Y C L E , A N D I S H A L L F A S T E N T H E P E D A L 
S T R A P S A R O U N D Y O U R S H O E S . B E G I N P E D A L I N G WHEN I S A Y GO 
A N D M A I N T A I N A S P E E D O F 2 0 RPM U N T I L I S A Y S T O P . WHEN Y O U 
H A V E S T O P P E D , R E S T Y O U R L E F T F O R E A R M ON T H E T O P O F T H E 
B I C Y C L E I N T H E MANNER I SHOWED Y O U D U R I N G T H E O R I E N T A T I O N 
P E R I O D , A N D I S H A L L L O O S E N T H E P E D A L S T R A P S , AND Y O U S H O U L D 
A G A I N R E S T I N T H E C H A I R F O R T E N M I N U T E S . T H I S P R O C E D U R E , 
W I T H T H E E X C E P T I O N O F P L A Y I N G T H E I N S T R U C T I O N S , W I L L B E 
R E P E A T E D T H R E E T I M E S D U R I N G E A C H P E R F O R M A N C E P E R I O D . A F T E R 
Y O U H A V E P E R F O R M E D T H R E E T I M E S T H E P R E S S U R E C U F F W I L L B E 
R E M O V E D , Y O U W I L L B E R E M I N D E D O F T H E T I M E F O R Y O U R N E X T 
P E R F O R M A N C E P E R I O D , AND Y O U W I L L B E F R E E T O G O . Y O U R P R E S ­
S U R E R E A D I N G S W I L L B E F U R N I S H E D T O Y O U A F T E R A L L S U B J E C T S 
H A V E C O M P L E T E D T H E I R N I N E P E R F O R M A N C E S . P L E A S E A S K A N Y 
Q U E S T I O N S Y O U H A V E A T T H I S T I M E . " 
A F T E R T H E I N S T R U C T I O N S HAD B E E N P L A Y E D T H E P R O C E D U R E D E S C R I B E D I N 
T H E M WAS F O L L O W E D . B E F O R E T E L L I N G T H E S U B J E C T T O B E G I N P E D A L I N G H E WAS 
R E M I N D E D T H A T H E WAS T O M A I N T A I N 2 0 RPM U N T I L T O L D T O S T O P . WHEN H E 
B E G A N T O P E D A L T H E E N V I R O N M E N T A L C O N C O M I T A N T S WERE R E C O R D E D , AND T H E 
V A L V E O F T H E P R E S S U R E C U F F B U L B WAS A D J U S T E D SO T H E C U F F C O U L D B E I N ­
F L A T E D A T T H E C O M P L E T I O N O F T H E T A S K . W H I L E T H E S U B J E C T WAS P E R F O R M I N G , 
T H E E X P E R I M E N T E R S A T A T T H E W R I T I N G T A B L E W I T H H I S B A C K T O T H E S U B J E C T 
and watched the stop watch. The experimenter did not face the subject 
as he did not want to distract him or tempt him to talk while he was 
performing. At the completion of the task the experimenter told the 
subject to stop and moved from the table to the bicycle where he read 
the subject's blood pressure. Figures 3 and k present photographs of 
the subject's position on the bicycle ergometer and the author obtaining 
a blood pressure measurement. 
An exception to the above procedure occurred with subject fourteen 
as he requested that the pedal straps not be fastened around his shoes. 
He stated that he believed they hindered rather than helped him and 
consequently they were not used. No other subject stated that he was 
bothered by the straps. 
Figure 3 . Subject Positioned 
Bicycle Ergometer. 
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C H A P T E R V 
R E S U L T S A N D A N A L Y S T S 
T H E D A T A R E S U L T I N G F R O M T H E E X P E R I M E N T AND T H E MANNER I N W H I C H 
T H E Y WERE A N A L Y Z E D A R E P R E S E N T E D I N T H I S C H A P T E R . 
P U L S E P R E S S U R E V A R I A B L E S 
T H E V A R I A B L E O F P R I N C I P A L I N T E R E S T I N T H E I N V E S T I G A T I O N WAS T H E 
L E V E L O F P U L S E P R E S S U R E I M M E D I A T E L Y F O L L O W I N G T H E P E R F O R M A N C E O F A T A S K . 
I N A D D I T I O N T O P O S T - T A S K P U L S E P R E S S U R E L E V E L , T H E D I F F E R E N C E B E T W E E N 
P O S T - T A S K AND P R E - T A S K P U L S E P R E S S U R E L E V E L S A N D T H E P E R C E N T A G E I N C R E A S E 
O F T H E P O S T - T A S K L E V E L O V E R T H E P R E - T A S K L E V E L WERE C O N S I D E R E D . I N T H E 
F O L L O W I N G D I S C U S S I O N T H E D I F F E R E N C E B E T W E E N P O S T - T A S K A N D P R E - T A S K P U L S E 
P R E S S U R E L E V E L S S H A L L B E R E F E R R E D T O AS T H E " N E T C H A N G E " I N T H E P U L S E 
P R E S S U R E , A N D T H E P E R C E N T A G E I N C R E A S E O F T H E P O S T - T A S K L E V E L O V E R T H E 
P R E - T A S K L E V E L S H A L L B E R E F E R R E D T O AS T H E " P E R C E N T I N C R E A S E . " T H E 
P E R C E N T I N C R E A S E WAS C A L C U L A T E D B Y D I V I D I N G T H E N E T C H A N G E B Y T H E P R E -
T A S K L E V E L A N D I S T H U S T H E AMOUNT B Y W H I C H T H E P U L S E P R E S S U R E I N C R E A S E D 
I N M O V I N G F R O M T H E P R E - T A S K L E V E L T O T H E P O S T - T A S K L E V E L E X P R E S S E D AS A 
P E R C E N T A G E O F T H E P R E - T A S K L E V E L . 
T A B L E S 2 , 3> A N ( I 4 P R E S E N T V A L U E S F O R T H E P O S T - T A S K , N E T C H A N G E , 
A N D P E R C E N T I N C R E A S E P U L S E P R E S S U R E V A R I A B L E S R E S U L T I N G F R O M T H E E X P E R I ­
M E N T . I N N I N E , OR 6 - 5 P E R C E N T , O F T H E T O T A L O F 135 T A S K S , T H E P O S T - T A S K 
P U L S E P R E S S U R E WAS LOWER T H A N T H E P R E - T A S K P R E S S U R E ; C O N S E Q U E N T L Y , T A B L E S 
3 A N D h C O N T A I N N E G A T I V E V A L U E S I N T H E S E I N S T A N C E S . 
Table 2. Post-Task Pulse Pressure Values 
.03 HP .05 HP .07 HP 
2 min. 5 min. 8 min. 2 min. 5 min. 8 min. 2 min. 5 min. 8 min. 
s l 62 7^ 64 84 72 74 82 86 94 




















\ 42 42 
v4o 36 44 46 42 48 50 






















66 52 44 40 48 48 48 48 48 
k 5 
3^ 48 58 38 40 50 36 42 42 
S9 58 76 70 64 80 74 54 82 80 
S10 52 6 o 56 58 68 62 56 82 60 
h 
















































Note: Pulse Pressure Values are in Millimeters of Mercury. 
T A B L E 3 . N E T C H A N G E I N P U L S E P R E S S U R E V A L U E S 
. 0 3 H P . 0 5 H P . . 0 7 H P 
2 M I N . 3 M I N . 8 M I N . 2 M I N . 5 M I N . 8 M I N . 2 M I N . 5 M I N . 8 M I N . 
s l 1 8 24 14 3^ 24 2 6 40 32 40 
A l S 2 1 8 4 12 1 0 1 0 -2 1 0 3 2 28 
H 1 0 32 24 16 1 0 18 16 1 0 4 0 
-6 4 6 8 14 2 4 8 10 
A 2 % 1 0 4 16 -2 8 2 1 0 -4 6 




0 14 14 
S 7 
S 8 • 
S 9 
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S 1 2 
8 1 0 14 
1 8 
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S 1 5 
14 22 2 26 20 3 2 28 3 0 14 
N O T E : P U L S E P R E S S U R E V A L U E S A R E I N M I L L I M E T E R S O F M E R C U R Y . 
Tab le 4 . Per Cent I n c r e a s e in P u l s e P r e s s u r e Values 
A, 
' 1 0 
3 11 
3 1 2 
' l ? 
514 
5 1 5 
2 min. 
4 0 . 9 
5 2 . 9 
2 0 . 0 
- 1 2 . 5 
3 3 - 3 
0 . 0 
3 7 - 5 
1 3 - 3 
2 6 . 1 
3 6 . 8 
0 . 0 
2 5 . 0 
1 3 1 . 3 
- 4 . 8 
3 0 . 4 
. 0 3 HP 
5 min . 
4 8 . 0 
9 . 1 
6 6 . 7 
1 0 . 5 
13-.3 
2 2 . 7 
7 3 - 3 
4 1 . 2 
1 0 0 . 0 
5 0 . 0 
3 3 . 3 
2 6 . 3 
5 0 . 0 
2 6 . 3 
5 0 . 0 
8 min. 
2 8 . 0 
3 7 - 3 
4 6 . 2 
1 7 . 7 
6 6 . 7 
- 5 . 6 
2 9 . 4 
7 0 . 6 
1 1 8 . 8 
6 6 . 7 
2 7 . 8 
4 3 . 8 
4 7 . 4 
3 8 . 9 
3 . 2 
2 min. 
6 8 . 0 
2 1 . 7 
3 2 . 0 
2 8 . 6 
- 6 . 3 
3 4 . 8 
1 7 . 7 
- 5 . 0 
4 5 . 5 
2 0 . 8 
2 6 - 3 
- 5 . 0 
4 . 6 
1 9 . 1 
5 9 . 1 
. 0 5 HP 
5 min. 
5 0 . 0 
2 0 . 0 
1 5 . 6 
4 6 . 7 
2 6 . 7 
2 2 . 7 
2 0 . 0 
5 3 . 9 
5 3 - 9 
1 2 6 . 7 
1 9 . 1 
4 4 . 4 
5 2 . 6 
- 4 . 4 
4 1 . 7 
5 m m . 
5 4 . 2 
- 4 . 2 
3 0 . 0 
4 . 6 
6 . 3 
4 2 . 1 
9 - 1 
9 2 . 3 
6 8 . 2 
1 9 . 2 
3 6 . 8 
5 2 . 9 
2 8 . 0 
3 3 . 3 
8 0 . 0 
2 min. 
9 5 . 2 
1 9 . 2 
2 9 . 6 
1 0 . 5 
3 8 . 5 
0 . 0 
2 6 . 3 
5 0 . 0 
3 5 . 0 
1 2 . 0 
6 0 . 0 
1 1 6 . 7 
3 1 . 0 
3 1 . 3 
7 7 . 8 
. 0 7 HP 
5 min . 
5 9 - 3 
1 0 6 . 7 
1 5 . 6 
2 0 . 0 
- 1 3 . 3 
3 5 . 0 
1 4 . 3 
6 1 . 5 
1 1 5 . 8 
1 2 7 . 8 
2 2 . 2 
7 3 - 3 
5 8 . 3 
4 2 . 1 
6 5 . 2 
8 min, 
7 4 . 1 
7 7 . 8 
8 0 . 0 
2 5 . O 
2 1 . 3 
2 9 . 2 
2 6 . 3 
5 0 . 0 
8 1 . 8 
1 0 0 . 0 
5 0 . 0 
1 4 6 . 2 
3 4 . 8 
4 . 2 
2 2 . 6 
33 
The three pulse pressure variables were analyzed by the analysis 
of variance technique (k-9)* The data were coded in an effort to reduce 
the magnitude of the numbers in the analysis by subtracting forty from each 
post-task value, ten from each net change value, and thirty per cent from 
each per cent increase value. The analysis revealed that significant 
sources of variation in the data resulted from differences between the 
three horsepower levels, the three time levels, and the different sub­
jects in each age group for all three of the pulse pressure variables and 
from the interaction between age and horsepower for the post-task and per 
cent increase variables. Tables 5 , 6 , and 7 present the results of the 
analysis of variance for the three variables, and Table 8 presents the 
distribution of the variance among the significant sources. As can be 
seen from Table 8 , the difference between subjects accounted for the 
greater portion of the variance for all three variables. 
Figures 5 and 6 illustrate the effect of the different subjects on 
the three pulse pressure variables. Figure 7 illustrates the effect of 
the different time periods on the three variables, and Figure 8 illus­
trates the effect of the different horsepower levels on the three varia­
bles . 
The significant range test ( 5 2 ) using a five per cent level of 
significance was used to determine which subjects were significantly dif­
ferent. The results of the test are presented in Table 9 . The table 
shows that in all of the age groups at least two of the subjects were 
significantly different for at least one of the pulse pressure variables, 
and in age group four all of the subjects are different from one another 
for at least one of the variables. The table also shows that fourteen of 
Table 5 . Analysis of Variance Data 
for Post-Task Pulse Pressure 
Degrees 
Sum of of Mean Estimated % F 1% F 
Source Squares Freedom Square F Value Value Value 
* 
HP 7 0 8 . 6 8 1 4 8 2 3 5 4 . 3 4 0 7 4 7 . 5 6 9 1 6 3 . 0 7 4 . 7 9 
Time* 8 2 3 . 5 2 5 9 3 2 4 1 1 . 7 6 2 9 7 8 . 7 9 5 7 7 3 . 0 7 4 . 7 9 
HP Time 2 3 3 . 7 1 8 5 2 4 5 8 . 4 2 9 6 3 1 . 2 6 0 1 5 2 . 4 9 3 . 5 2 
Age 9 8 7 5 . 3 7 7 7 8 4 2 4 6 8 . 8 4 4 4 4 2 . 3 2 1 5 7 3 . 4 8 5 . 9 9 
Age HP** 8 0 8 . 3 5 5 5 6 CO
 
1 0 1 . 0 4 4 4 4 2 . 1 7 9 2 3 2 . 0 7 2 . 7 5 
Age Time 1 4 8 . 6 2 2 2 2 CO
 
1 8 . 5 7 7 7 8 O . 3 8 I 6 O 3 . 0 0 4 . 9 7 
Age HP Time 3 6 9 . 2 4 4 4 4 16 2 3 . 0 7 7 7 8 0 . 4 2 8 9 2 2 . 1 1 - 2 . 9 3 
Subject (Age) I C 6 3 4 . 3 7 0 3 7 10 I O 6 3 . 4 3 7 0 4 1 9 . 7 6 5 1 2 1 . 9 7 2 . 6 0 
HP Subject (Age) 1 0 5 8 . 0 7 4 0 7 2 0 5 2 . 9 0 3 7 0 0 . 9 7 7 8 2 I . 9 5 2 . 6 1 
Time Subject (Age) 1 4 5 6 . 2 9 6 3 0 2 0 7 2 . 8 1 4 8 2 1 . 6 2 7 2 1 1 . 8 4 2 . 3 8 
Residual 1 7 8 9 . 9 2 5 9 3 4 0 4 4 . 7 4 8 1 4 
Total 27906 . 1 9 2 6 0 134 
Significant at the 1% level. 
Significant at the 5$ level. 
T A B L E 6 . A N A L Y S I S O F V A R I A N C E D A T A 
F O R N E T C H A N G E I N P U L S E P R E S S U R E 
D E G R E E S 
S U M O F O F MEAN E S T I M A T E D % F 1% F 
S O U R C E S Q U A R E S F R E E D O M S Q U A R E F V A L U E V A L U E V A L U E 
H P * 7 9 8 . 0 4 4 4 4 2 3 9 9 . 0 2 2 2 2 5 . 3 0 5 4 9 3 . 0 7 4 . 7 9 
T I M E * 7 7 4 . 5 7 7 7 7 2 3 8 7 . 2 8 8 8 8 5 . 1 4 9 4 8 3 . 0 7 4 . 7 9 
H P T I M E 3 4 . 3 1 1 1 2 4 8 . 5 7 7 7 8 0 . 1 1 0 5 5 5 . 6 6 1 3 . 6 
A G E 2 9 4 4 . 7 I I H . 4 7 3 6 . 1 7 7 7 7 1 . 7 0 7 2 7 3 - 4 8 5 - 9 9 
A G E H P 8 7 6 . 6 2 2 2 2 8 1 0 9 . 5 7 7 7 7 1 . 4 5 8 5 4 2 . 0 5 2 . 6 8 
A G E T I M E 6 7 7 . 8 6 6 6 7 8 8 4 . 7 3 3 3 3 1 . 1 3 9 9 9 2 . 0 6 2 . 7 0 
A G E H P T I M E 9 4 0 . 8 0 0 0 0 16 5 8 . 8 0 0 0 0 . 7 5 9 3 6 2 . 0 9 2 . 9 0 
S U B J E C T ( K G E ) * 4 3 1 2 . 0 0 0 0 0 10 4 3 1 . 2 0 0 0 0 5 . 5 6 8 6 6 1 - 9 7 2 . 6 0 
H P S U B J E C T ( A G E ) ^ 3 5 - 5 5 5 5 6 2 0 8 1 . 7 7 7 7 7 I . O 7 6 2 3 1 - 7 5 2 . 2 0 
T I M E S U B J E C T ( A G E ) I 7 I I . I I I I I 2 0 8 5 . 5 5 5 5 5 1 . 2 0 1 6 2 1 . 8 4 2 . 3 8 
R E S I D U A L 2 8 4 8 . 0 0 0 0 0 4 0 7 1 . 2 0 0 0 0 
T O T A L 1 7 5 5 3 . 6 0 0 0 0 1 3 * 
S I G N I F I C A N T A T T H E 1$ L E V E L . 
Table 7 . Analysis of Variance Data for 
Per Cent Increase in Pulse Pressure 
Degrees 
Sum of of 
Source Squares Freedom 
HP* 7 5 5 T 0 2 5 7 3 2 
Time* 5 0 8 4 - 3 4 7 0 7 2 
HP Time 2 8 . 0 3 1 1 6 4 
Age I 7 I I 9 . I 2 7 2 I 4 
y, y 
Age HP 1 0 1 4 5 . 1 7 7 2 4 8 
Age Time 6 3 7 1 - 2 3 5 9 0 8 
Age HP Time l£ 8 2 . 9 4 3 6 5 % 
Subject (^ge)* 1 9 6 4 5 . 2 8 1 8 6 10 
HP Subject (Age) I 7 6 9 8 . 4 2 2 5 8 2 0 
Time Subject(Age) I 5 8 8 8 . 9 2 9 2 5 20 
Residual 2 0 5 4 4 . 2 9 6 3 1 40 
Mean Estimated % F 1$ F 
Square F Value Value Value 
3 7 7 8 . 6 6 2 8 6 6 . 5 5 9 5 6 3 . 0 7 4 . 7 9 
2 5 4 2 . 1 7 3 5 4 4 . 4 1 3 0 8 3 . 0 7 ^ • 7 9 
7 . 0 0 7 7 9 0 . 0 1 1 7 1 5 . 6 6 1 3 . 6 
4 2 7 9 . 7 8 1 8 0 2 . 1 7 8 5 2 3 - 4 8 5 - 9 9 
1 2 6 8 . 1 4 7 1 6 2 . 1 2 0 8 5 2 . 0 5 2 . 6 8 
7 9 6 . ^ 0 4 4 8 1 . 3 0 1 0 0 2 . 0 6 2 . 7 0 
1 0 5 . I 8 3 9 8 0 . 1 5 5 ^ 2 . 0 9 2 . 9 0 
1 9 6 4 . 5 2 8 1 9 2 . 9 0 3 3 3 1 . 9 9 2 . 6 0 
8 8 4 . 9 2 M 1 . 4 5 7 3 3 1 . 7 5 2 . 2 0 
7 9 ^ . 4 4 6 4 6 1 . 5 4 6 7 8 1 . 8 4 2 . 3 8 
5 1 3 . 6 0 7 4 1 
Total 1 2 1 7 6 5 . 1 1 7 9 6 13^. 
Significant at the l<f> level. 
Significant at the 5$ level. 
TABLE 8 . D ISTRIBUTION OF VARIANCE 
TABLE 8 - A . POST-TASK PULSE PRESSURE 
SOURCE VARIANCE 





6 . 8 J 3 9 3 
8 . 1 0 9 9 8 
6 . 0 2 5 6 3 
1 1 2 . 9 5 8 1 4 
5 -1 
6 . 1 
ih 
8 4 . 3 
TOTAL 1 3 3 . 9 2 7 6 8 1 0 0 . 0 
TABLE 8 - B . NET CHANGE I N PULSE PRESSURE 




7 . 1 9 5 8 4 -
6 . 9 3 5 1 0 
3 9 . 5 5 * 5 3 
1 3 . 4 
1 2 . 9 
7 3 - 7 
TOTAL 5 3 . 6 8 5 4 7 1 0 0 . 0 
TABLE 8 - C . PER CENT INCREASE I N PULSE PRESSURE 
SOURCE VARIANCE 
<fo OF TOTAL HP • 7 1 . 1 6 9 0 8 2 0 . 6 
TIME 4 3 . 6 9 1 5 4 L 2 . 6 
AGE HP 7 6 . 8 9 9 2 1 2 2 . 2 
SUBJECTS (AGE) 1 5 4 . 2 7 4 8 8 4 4 . 6 
TOTAL 3 4 6 . 0 3 4 7 1 1 0 0 . 0 


FIGURE 7 . AVERAGE PULSE PRESSURE VARIABLES FOR'ALL SUBJECTS AND HORSEPOWER LEVELS. 
O 
6 0 
. 0 3 . 05 . 0 7 
Horsepower 
Figure 8 -A. Post-Task 
Pulse Pressure 
. 0 3 . 0 5 . 0 7 . 0 3 . 05 . 0 7 
Horsepower Horsepower 
Figure 8-B. Net Change Figure 8-C. Per Cent 
Increase 
Figure 8 . Average Pulse Pressure Variables for All Subjects and Time Durations. 
T a b l e 9 . S i g n i f i c a n t l y D i f f e r e n t S u b j e c t s 
S u b j e c t 1 2 3 k 5 6 7 8 9 10 11 12 13 1* 15 
1 A B 
2 A 3 A 
3 A — 
h -x-x A A B -- A 
5 # # A A B A A 
6 ## A B A — 
7 # # A B A -x-x 
8 A B A A C A C A B 
. 9 •x-x BC -x-x •X-X ** A B — 
10 A A •x-x jfMI ## # # A A. — •X-X A 
11 •x-x A B A # i -x* C 
12 A B A BC * # C C A B AB C 
13 A A -x-x # # •x-x #•* A B A A A -- -x-x 
Ik •x-x A A B A •x-x •x-x BC x-x •X-X 
15 A A -x-x -x-x A B A A A B A -x* 
T a b l e I n t e r p r e t a t i o n : T h e c e l l s i n d i c a t e f o r w h i c h v a r i a b l e s t h e 
t w o s u b j e c t s a r e s i g n i f i c a n t l y d i f f e r e n t a t t h e 5 P e r c e n t l e v e l . 
S u b j e c t s i n t h e same age g r o u p a r e shown w i t h i n h e a v y l i n e s . O n l y 
one h a l f o f t h e t a b l e has been f i l l e d i n f o r e a s i e r r e a d i n g . 
L e g e n d : A = P o s t - T a s k P u l s e P r e s s u r e 
B = N e t Change i n P u l s e P r e s s u r e 
C = P e r Cent I n c r e a s e i n P u l s e P r e s s u r e 
* * = A l l T h r e e o f t h e V a r i a b l e s 
the subjects are not significantly different from at least one subject 
of an age group other than their own, and that fewer of the subjects 
were significantly different from one another for the per cent increase 
variable than for the other two variables. 
Application of the significant range test using a one per cent 
level of significance revealed that there was no significant difference 
between the five and eight minute time durations for all three of the 
variables and no significant difference between the two and five minute 
time durations for the per cent increase variable. The test also re­
vealed that there was no significant difference between the . 0 3 and . 0 5 
horsepower levels for the three variables and no significant difference 
between the . 0 5 and . 0 7 horsepower levels for the post-task pulse pres­
sure variable. 
Figure 9 illustrates the effect of the age-horsepower inter­
action on the post-task and per cent increase variables. Table 1 0 
presents the age groups which were significantly different from one 
another for the different horsepower levels as determined by a five per 
cent significant range test. 
Graphical analysis of the data revealed that the pulse pres­
sure variables' levels were not indicative of the energy expended when 
the subjects were considered individually. The individual graphs are 
not presented, but the reader may refer to the rows in Tables 2 , 3 J A N ^ 
k- if he wishes to compare the variables ' levels at the different horse­
power and time levels for each subject. 
Figure 9 . Age-Horsepower Interaction. 
TABLE 1 0 . SIGNIFICANTLY DIFFERENT AGE GROUPS 
TABLE 1 0 - A . POST-TASK PULSE PRESSURE 
A L A 2 A 3 \ 
A L 
A 2 . 0 3 , . 0 5 , • 0 7 
. 0 3 , . 0 5 , . 0 7 . 0 3 , • 0 5 , . 0 7 
\ . 0 3 , . 0 5 • 0 3 , . 0 7 . 0 3 
. 0 5 , • 0 7 . 0 3 , . 0 7 . 0 7 . 0 3 
TABLE 1 0 - B , PER CENT INCREASE I N PULSE PRESSURE 
*1 
A]_ &2 A 3 A 4 
A 2 . 0 7 
A^ . 0 3 . 0 3 . 0 7 
A^ . 0 7 . 0 3 
A^ . 0 7 
TABLE INTERPRETATION: TABLE CELLS SHOW HORSEPOWER LEVEL FOR WHICH THE 




THE ENVIRONMENTAL CONCOMITANTS RECORDED I N THE EXPERIMENT WERE 
TEMPERATURE, RELATIVE HUMIDITY, AND BAROMETRIC PRESSURE. DURING THE 
EXPERIMENTAL PERIOD THE TEMPERATURE DURING THE TASK PERFORMANCES 
RANGED FROM A LOW OF 7 0 DEGREES FAHRENHEIT TO A HIGH OF 86 DEGREES 
FAHRENHEIT, THE RELATIVE HUMIDITY RANGED FROM A LOW OF 2 8 PER CENT TO 
A HIGH OF 6 3 PER CENT, AND THE BAROMETRIC PRESSURE RANGED FROM A LOW OF 
2 9 . O O INCHES OF MERCURY TO A HIGH OF 2 9 * 3 5 INCHES OF MERCURY. TABLE 1 1 
PRESENTS THE AVERAGE VALUE FOR THESE VARIABLES FOR EACH SUBJECT. 
THE ENVIRONMENTAL VARIABLES WERE ARRANGED I N INCREASING ORDER AND 
ANALYZED FOR A POSSIBLE RELATIONSHIP WITH THE PULSE PRESSURE VARIABLES 
BY GRAPHICAL AND LINEAR CORRELATION TECHNIQUES ( 5 3 ) I N AN EFFORT TO DETER­
MINE I F THE DIFFERENCE BETWEEN SUBJECTS REVEALED BY THE ANALYSIS OF VAR­
IANCE WAS CAUSED BY A RELATIONSHIP BETWEEN THE ENVIRONMENTAL VARIABLES 
AND THE PULSE PRESSURE VARIABLES. THE ANALYSIS REVEALED NO RELATIONSHIP 
BETWEEN THE DIFFERENT ENVIRONMENTAL AND PULSE PRESSURE VARIABLES. 
PHYSICAL FITNESS CONCOMITANTS 
THE PHYSICAL FITNESS CONCOMITANTS CONSIDERED WERE WEIGHT, HEIGHT, 
WEIGHT HEIGHT RATIO, AND MILITARY PHYSICAL FITNESS TEST SCORE. VALUES 
FOR THESE VARIABLES HAVE BEEN PRESENTED PREVIOUSLY I N TABLE 1 , CHAPTER 
I V . THE PHYSICAL FITNESS VARIABLES WERE ANALYZED I N THE SAME MANNER AS 
THE ENVIRONMENTAL VARIABLES WITH THE RESULT THAT NO RELATIONSHIP WAS 
FOUND BETWEEN THE PHYSICAL FITNESS VARIABLES AND THE PULSE PRESSURE VAR­
IABLES . 







In <fo Barometric Pressure Inches of Hg 
1 7 8 . 0 4 7 . 9 2 9 . 2 3 
2 8 3 - 3 5 0 . 7 29.IO 
3 8 3 . 9 4 7 . 0 2 9 . 2 7 
4 7 8 . 1 5 8 . 6 2 9 . 2 6 
5 7 3 - 2 3 7 . 2 2 9 . 1 4 
6 7 9 . 1 5 0 . 3 2 9 . 2 4 
7 7 3 . 9 3 9 . 8 2 9 . 2 4 
OO
 8 0 . 7 4 8 . 0 2 9 . 2 4 
9 8 2 . 6 4 7 . 9 2 9 . 2 7 
10 8 0 . 8 5 0 . 2 2 9 . 1 7 
11 7 9 - 8 5 7 - 9 2 9 . 2 2 
12 7 9 . 8 5 0 . 0 2 9 . 2 8 
13 7 1 . 7 4 1 . 6 2 9 . 1 9 
14 7 1 . 8 4 3 . 6 2 9 . I 8 
15 8 1 . 1 4 7 . 8 2 9 . 2 6 
Grand 
Average 7 8 . 5 4 7 . 9 2 9 . 2 2 
4 8 
Rest Periods 
In an effort to determine if the rest periods were of sufficient 
length to allow complete recovery from the preceding task before the per­
formance of a new task, the percentage of subjects whose resting pulse 
pressure ten minutes after the performance of a task was equal to, greater 
than, or less than the resting pulse pressure immediately prior to the 
task was computed. Table 12 presents the percentages and shows that 
the greater percentages were in the greater than and less than categor­
ies which indicates that the subjects, in general, were not in the same 
state at the beginning of each task performance. 
Relationship of Subject Sample to Population 
The average values of the resting pulse pressure levels of the 
subjects were compared with average pulse pressure levels as determined 
from larger samples of the male population ( 3 3 ) ( 3 4 ) to determine if the 
pulse pressure levels of the study subjects were generally representa­
tive of what could normally be expected for individuals of the same age. 
The comparison is presented in Table 1 3 . Generally, the table indicates 
that the pressure levels obtained from the study subjects are lower 
than that which might normally be expected from individuals of the same 
age. 
A possible explanation for the difference between the study data 
and that presented by Karpinos and Schnurman may be the conditions under 
which the pressure readings were made. The study subjects were famil­
iarized with the technique of obtaining blood pressure measurements dur­
ing their orientation periods and thus had no reason to be emotionally 
disturbed about the procedure followed. Conversely, the individuals in 
4 9 




I N MINUTES 
INCREASE 
I N PER CENT 
EQUAL 
I N PER CENT 
DECREASE 
I N PER CENT 
2 3 6 . 4 0 6 3 . 6 
. 0 3 5 2 7 . 3 2 7 . 2 
8 4 1 . 7 3 3 . 3 2 5 . O 
2 2 2 . 2 1 1 . 1 6 6 . 7 
. 0 5 5 0 1 4 . 3 8 5 . 7 
8 5 4 . 5 2 2 . 2 2 3 - 3 
2 4 0 . 0 1 0 . 0 5 0 . 0 
. 0 8 5 5 0 . 0 2 0 . 0 3 0 . O 
8 2 0 . 0 0 8 0 . 0 
TABLE INTERPRETATION: THE TABLE SHOWS THE PER CENT OF SUBJECTS WHOSE 
RESTING PULSE PRESSURE 1 0 MINUTES AFTER PERFORMANCE OF A TASK WAS 
GREATER THAN, EQUAL T O , OR LESS THAN THE RESTING PULSE PRESSURE IMME­
DIATELY PRIOR TO THE TASK. 
5 0 
Table 1 3. Relationship of Subject Sample to Population 
Average Resting Average Pulse Average 
Pulse Pressure Pressure Pulse Pressure 
Age (Study) (Schnurman) (Karpinos) 
21 4 8 . 9 5 3 - 0 
2 2 4 1 . 3 5 3 - 7 2 0 - 2 4 y r s . : 4 9 . 3 
25 5 4 . 2 5 1 . 7 
2 8 3 3 - 5 5 8 . 7 2 5 - 2 9 y r s . : 4 9 - 7 
2 9 4 1 . 2 5 8 . 1 
32 . 3 8 . 7 5 5 - 5 3 0 - 3 4 yrs. : 4 9 - 7 
3^ 3 5 . 9 5 2 . 6 
36 3 8 . 8 5 3 - 5 3 5 - 3 7 y r s . : 4 9 - 7 
3 9 3 2 . 4 5 1 . 6 
46 4 4 . 2 5 5 - 0 
4 ? 3 9 - 8 5 3 - 9 
51 4 7 . 5 5 8 . 4 
55 5 9 - 2 
6 0 5 8 . 6 
65 6 3 - 9 
Note: Pressure readings are in mm. of mercury. 
Schnurman's ( 3 4 ) sample includes 1 5 , 2 2 5 male employment 
applicants including those rejected as well as accepted. 
Karpinos' ( 3 3 ) sample includes 2 7 3 , 0 0 0 white male military 
inductees including those rejected as well as accepted. 
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Karpinos1 and Schnurman*s samples were in the process of taking physical 
examinations and may not have been in a normal emotional state. If 
they were excited because of the nature of the examination their pres­
sure level may have been somewhat elevated. 
Another possible reason for the difference between the study 
data and those of Karpinos and Schnurman may be found in the nature 
of the samples. The study sample was composed entirely of physically 
fit individuals; whereas the samples of Karpinos and Schnurman included 
both physically fit and nonphysically fit individuals. 
Based on the information presented by Karpinos and Schnurman, 
the pressure levels obtained from the study subjects may be somewhat 
lower than what is normally expected. Otherwise, the relation between 
the pulse pressure levels of the study subjects and their ages appears to 
be typical. 
C H A P T E R I V 
C O N C L U S I O N S 
T H E P R E S E N T E X P E R I M E N T I N V E S T I G A T E D T H E P O S S I B I L I T Y O F U S I N G 
T H E D I F F E R E N C E B E T W E E N T H E S Y S T O L I C A N D D I A S T O L I C B L O O D P R E S S U R E L E V E L S 
AS A M E A S U R E O F HUMAN E N E R G Y E X P E N D I T U R E . A N A L Y S I S O F T H E T H R E E P U L S E 
P R E S S U R E V A R I A B L E S , P O S T - T A S K P U L S E P R E S S U R E , D I F F E R E N C E B E T W E E N P O S T 
A N D P R E - T A S K P U L S E P R E S S U R E S , A N D P E R C E N T I N C R E A S E O F P O S T - T A S K O V E R P R E 
T A S K P U L S E P R E S S U R E I N D I C A T E D T H A T T H E I R L E V E L S CHANGED AS T H E D U R A T I O N 
O F T H E T A S K S C H A N G E D . H O W E V E R , T H E C H A N G E WAS N O T ALWAYS S I G N I F I C A N T . 
T H E A N A L Y S I S F U R T H E R R E V E A L E D T H A T T H E L E V E L S O F T H E D I F F E R E N T V A R I A B L E S 
WERE N O T HOMOGENEOUS F O R T H E D I F F E R E N T S U B J E C T S , T H A T T H E L A C K O F HOMO­
G E N E I T Y C O U L D N O T B E E X P L A I N E D B Y D I F F E R E N C E S I N T H E E N V I R O N M E N T A L C O N ­
D I T I O N S I N W H I C H T H E S U B J E C T S P E R F O R M E D OR B Y D I F F E R E N C E S I N P H Y S I C A L 
F I T N E S S AS M E A S U R E D B Y A M I L I T A R Y P H Y S I C A L F I T N E S S T E S T , A N D T H A T T H E 
V A R I A B L E S WERE N O T I N D I C A T I V E O F T H E E N E R G Y E X P E N D E D WHEN T H E S U B J E C T S 
W E R E C O N S I D E R E D I N D I V I D U A L L Y . C O N S E Q U E N T L Y , I T I S C O N C L U D E D T H A T WHEN 
T A S K S O F A P E D A L I N G N A T U R E A R E P E R F O R M E D B Y A HUMAN O P E R A T O R M E A S U R E M E N T 
O F T H E D I F F E R E N T I A L B E T W E E N T H E S Y S T O L I C AND D I A S T O L I C B L O O D P R E S S U R E 
L E V E L S O F T H E O P E R A T O R I S N O T A R E L I A B L E I N D I C A T O R O F T H E E N E R G Y E X P E N D E D 
I N P E R F O R M I N G T H E T A S K S . 
I N P R E V I O U S I N V E S T I G A T I O N S C O N C E R N E D W I T H T H E M E A S U R E M E N T O F P O S T -
T A S K P U L S E P R E S S U R E NO S I G N I F I C A N T V A R I A T I O N WAS F O U N D AMONG S U B J E C T S 
( 2 4 ) . I N T H E P R E S E N T I N V E S T I G A T I O N , H O W E V E R , 8 4 . 3 P E R C E N T O F T H E T O T A L 
variance for the post-task pulse pressure variable resulted from the 
difference between subjects. The significant age-horsepower interaction 
in the present investigation may explain part of the reason for the con­
flicting results. In the earlier experimentation the subjects' average 
age was 2 0 years; whereas in the present investigation the subjects' 
average age is 3 3 . 9 years. Table 10-A of Chapter IV shows that the 2 1 to 
25 year old and the 26 to 3 0 year old age groups were significantly dif­
ferent from all other age groups for almost all of the horsepower levels 
for the post-task pulse pressure variable. This indicates that there 
is a difference in the level of the post-task pulse pressure between 
young and older individuals, and this difference may have resulted in 
the significant difference found between subjects in the present 
investigation. It should be cautioned, however, that the lack of dif­
ference between subjects of different age groups and the difference 
existing between subjects within the same age group illustrated in Table 
9 suggests that age may not be the only factor contributing to the sub­
ject difference. Consequently, no firm conclusion should be drawn con­
cerning the effect of age without further investigation. 
The results of the present investigation showed that differences 
in environmental conditions did not appear to effect the post-task pulse 
pressure variable significantly. This finding agrees with results of 
previous experimentation ( 7 ) . 
It should be noted that the rest periods of ten minutes used in 
the present investigation were perhaps not of sufficient length to allow 
complete recovery before the performance of each task and different 
results might have occurred if longer rest periods were utilized. It 
5* 
should also be noted that the present investigation concentrated its 
attention upon work performed by particular muscle groups, and differ­
ent results might have occurred if more or different muscle groups were 
utilized in performing the tasks. 
The following recommendations are made to those who may be in­
terested in further investigating pulse pressure as a measure of energy 
expenditure. First, it is recommended that more levels of energy expend­
iture and task duration be considered including levels less than and 
greater than those considered in the present investigation. Second, it 
is recommended that several levels of task speed be considered so as to 
establish the relationship between pulse pressure and speed of work. 
Third, it is recommended that future investigations utilize several 
muscle groups to perform the tasks as the results of the present inves­
tigation are limited to tasks of a pedaling nature. Finally, it is 
recommended that longer rest periods be utilized between task performances 
so as to insure that the pre-task pressure level will be the same for all 
tasks. 
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A P P E N D I X 
DATA SHEET 
SUBJECT: , AGE 36 WEIGHT 1 8 0 HEIGHT 5 ' 1 1 . 7 5 " WEIGHT HEIGHT RATIO 2 . 5 1 
ORIENTATION PERIOD: DATE MAY L ; SYSTOLIC PRESSURE 1 2 8 -DIASTOLICTRESSURE 82 
PERFORMANCE PERIODS: 
DATE H. P. LENGTH R. S. P. R . D . P . R. P. P. HUM. TEMP. BAR. P. W U . S . P . W.D. P. W . P . P . CHANGE I N P .P . 
; - L 4 .05 - 2 1 1 2 7 * 38 6 1 75 2 9 - 3 1 1 8 7 9 4 8 1 0 
Ar . 0 5 8 _ 106 7 0 55 6 1 75 2 9 . 3 116 7 0 46 1 0 
1 1 : 0 0 .07 5 114 7 8 36 6 1 75 2 9 0 116 7 2 4 4 8 
5 - 1 5 • 0 3 5 106 7 0 36 6 0 8 0 • 2 9 . 2 5 114 6 6 48 1 2 
AT • 05 
CO 1 1 2 Ik 3 8 SO 8 0 - 2 9 . 2 5 1 1 4 6 2 52 1 4 
1 1 : 0 0 • 0 7 03 1 1 0 7 0 4 0 JSL 8 0 2 9 . 2 ? 120 6 0 6 0 2 0 
5 - 1 7 . 0 ; 2 1 > 88 1*6 53 84 2 0 . 1 122 76 46 0 
• 
AT • Q5 5 1 1 2 7 0 4 2 53 84 2 9 - 1 120 7 0 5 0 8 
1 1 : 0 0 . 0 7 2 m 86 3 0 53 85 2 Y . L 1 1 6 6 8 4 8 1 8 
COMMENTS: PEDAL ALL THE WAY DOWN, SEAT ON NO. THREE 
FIGURE 1 0 . SAMPLE DATA SHEET. 
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B I B L I O G R A P H Y 
L I T E R A T U R E C I T E D 
( 1 ) L u c i e n L a u r u , " P h y s i o l o g i c a l S t u d y o f M o t i o n s , " A d v a n c e d 
M a n a g e m e n t , 2 2 , M a r c h , 1 9 5 7 , 1 7 - 2 4 . 
( 2 ) L u c i e n A . B r o u h a , " P h y s i o l o g i c a l A p p r o a c h t o P r o b l e m s o f 
W o r k M e a s u r e m e n t , " P r o c e e d i n g s , N i n t h A n n u a l I n d u s t r i a l E n g i n e e r i n g 
I n s t i t u t e , 1 9 5 7 , 1 2 - 2 0 . 
( 3 ) H a r r y L . D a v i s a n d C h a r l e s I . M i l l e r , " W o r k P h y s i o l o g y a s 
a n A i d t o J o b D e s i g n , " P r o c e e d i n g s , T h i r t e e n t h A n n u a l I n d u s t r i a l E n g i ­
n e e r i n g I n s t i t u t e , 1 9 6 2 , 2 8 1 - 2 8 6 . 
( 4 ) L u c i e n A . B r o u h a , " F a t i g u e — M e a s u r i n g a n d R e d u c i n g I t , " 
A d v a n c e d M a n a g e m e n t , 1 9 , J a n u a r y , 1 9 5 ^ j 9 - 1 9 * 
( 5 ) L u c i e n A . B r o u h a , a n d C . W . H e a t h , " R e s t i n g - P u l s e a n d B l o o d 
P r e s s u r e V a l u e s i n R e l a t i o n t o P h y s i c a l F i t n e s s i n Y o u n g M e n , " T h e 
N e w E n g l a n d J o u r n a l o f M e d i c i n e , 2 2 8 , A p r i l 1 5 , 1 9 4 3 , 4 7 3 - 4 7 7 . 
( 6 ) L u c i e n A . B r o u h a , a n d M . E . M a x f i e l d , " P r a c t i c a l E v a l u a t i o n 
o f S t r a i n i n M u s c u l a r W o r k a n d H e a t E x p o s u r e b y H e a r t R a t e R e c o v e r y 
C u r v e s , " E r g o n o m i c s , 5 , J a n u a r y , I 9 6 2 , 8 7 - 9 2 • 
( 7 ) T . J . H a l l , C a r d i a c M e a s u r e m e n t o f H u m a n E n e r g y E x p e n d i t u r e , 
M . S . T h e s i s , G e o r g i a I n s t i t u t e o f T e c h n o l o g y , A u g u s t , i 9 6 0 . 
( 8 ) C . J . S c h w a r t z , A S t u d y o f H e a r t S o u n d , G a l v a n i c S k i n R e s ­
p o n s e , a n d B l o o d P r e s s u r e i n t h e M e a s u r e m e n t o f H u m a n E n e r g y E x p e n d i t u r e , 
M . S . T h e s i s , G e o r g i a I n s t i t u t e o f T e c h n o l o g y , A u g u s t , i 9 6 0 . 
( 9 ) L . L . L a n g l e y , a n d E . C h e r a s k i n , T h e P h y s i o l o g y o f M a n , 
S e c o n d e d i t i o n , M c G r a w - H i l l B o o k C o m p a n y , I n c . , N e w Y o r k 1 9 5 8 , 2 9 4 - 3 1 6 . 
( 1 0 ) E s t e r M . G r e i s h e i m e r , P h y s i o l o g y a n d A n a t o m y , S e v e n t h e d i ­
t i o n , J . B . L i p p i n c o t t C o m p a n y , P h i l a d e l p h i a , 1 9 5 5 , 4 9 7 - 5 2 1 . 
( 1 1 ) I n g o I n g e n o h l , " M e a s u r i n g P h y s i c a l E f f o r t , " T h e J o u r n a l o f 
I n d u s t r i a l E n g i n e e r i n g , 1 0 , M a r c h - A p r i l , 1 9 5 9 , 9 9 - 1 1 3 . 
( 1 2 ) R a l p h M . B a r n e s , M o t i o n a n d T i m e S t u d y , F o u r t h e d i t i o n , 
J o h n W i l e y & S o n s , N e w Y o r k , 1 9 5 8 , 1 9 2 - 2 1 4 . 
(Ij) E d w a r d C . S c h n e i d e r , " A S t u d y o f R e s p o n s e t o W o r k o n a 
B i c y c l e E r g o m e t e r , " A m e r i c a n J o u r n a l o f P h y s i o l o g y , 9 7 .> 1 9 3 1 j 3 5 3 - 3 6 4 . 
( 1 4 ) C . J . A n s o n , " T h e P h y s i o l o g i c a l M e a s u r e m e n t o f E f f o r t , " 
T i m e a n d M o t i o n S t u d y , 3 , F e b r u a r y , 1 9 5 4 , 2 6 - 3 1 . 
( 1 5 ) J . H . G r e e n e , W . H . M . M o r r i s a n d J . E . W i e b e r s , " A M e t h o d 
F o r M e a s u r i n g P h y s i o l o g i c a l C o s t o f W o r k , " T h e J o u r n a l o f I n d u s t r i a l 
E n g i n e e r i n g , 1 0 , M a y - J u n e , 1 9 5 9 , 1 8 0 - 1 8 4 . 
( 1 6 ) R . P a s s m o r e , a n d J . V . G . A . D u r n i n , " H u m a n E n e r g y E x p e n d i ­
t u r e , " P h y s i o l o g i c a l R e v i e w s , 3 5 , O c t o b e r , 1 9 5 5 , 8 0 1 - 8 4 0 . 
( 1 7 ) E r l i n g A s m u s s e n , a n d M a r i u s N i e l s e n , " C a r d i a c O u t p u t D u r i n g 
M u s c u l a r W o r k a n d I t s R e g u l a t i o n , " P h y s i o l o g i c a l R e v i e w s , 3 5 , O c t o b e r , 
1 9 5 5 , 7 7 8 - 8 0 0 . 
( 1 8 ) G . L e h m a n n , " P h y s i o l o g i c a l M e a s u r e m e n t s a s a B a s i s o f W o r k 
O r g a n i z a t i o n i n I n d u s t r y , " E r g o n o m i c s , 1 , A u g u s t , 1 9 5 8 , 3 2 8 - 3 4 4 . 
( 1 9 ) C . W . S u g g s , a n d W . E . S p l i n t e r , " S o m e P h y s i o l o g i c a l R e s ­
p o n s e s o f M a n t o W o r k l o a d a n d E n v i r o n m e n t , " J o u r n a l o f A p p l i e d P h y s i o l o g y , 
_ 1 6 , I 9 6 I , 4 1 3 - 4 2 0 . ~ 
( 2 0 ) 0 . G . E d h o l m , J . M . A d a m , a n d R . H . F o x , " T h e E f f e c t s o f 
W o r k i n C o o l a n d H o t C o n d i t i o n s o n P u l s e R a t e a n d B o d y T e m p e r a t u r e , " 
E r g o n o m i c s , 5 , O c t o b e r , 1 9 6 2 , 5 4 6 - 5 5 6 . 
( 2 1 ) L . J . D e n e y , J r . , A n I n v e s t i g a t i o n i n t o H u m a n H e a r t R a t e 
R e c o v e r y a s a M e a s u r e o f W o r k R a t e , M . S . T h e s i s , P u r d u e U n i v e r s i t y , 
S p r i n g , 1 9 5 5 -
( 2 2 ) H . H . Y o u n g , " T h e R e l a t i o n s h i p B e t w e e n H e a r t R a t e a n d t h e 
I n t e n s i t y o f W o r k f o r S e l e c t e d T a s k s , " T h e J o u r n a l o f I n d u s t r i a l E n g i ­
n e e r i n g , 7 , N o v e m b e r - D e c e m b e r , 1 9 5 6 , 3 O O - 3 O 3 . 
( 2 3 ) E d w a r d D . N i c h o l s , a n d H . T . A m r i n e , " A P h y s i o l o g i c a l 
A p p r a i s a l o f S e l e c t e d P r i n c i p l e s o f M o t i o n E c o n o m y , " T h e J o u r n a l o f 
I n d u s t r i a l E n g i n e e r i n g , 1 0 , S e p t e m b e r - O c t o b e r , 1 9 5 9 , 3 7 3 - 3 7 8 . 
( 2 4 ) D a v i d C . E k e y , a n d T h o m a s J . H a l l , " O p e r a t i o n a l M e t h o d o l o g y 
f o r E v a l u a t i n g P h y s i o l o g i c a l C o s t s , " T h e J o u r n a l o f I n d u s t r i a l E n g i n e e r ­
i n g , 1 2 , J u l y - A u g u s t , I 9 6 I , 2 4 3 - 2 5 2 . 
( 2 5 ) I . H . B l a n k a n d J . E . F i n e s i n g e r , " E l e c t r i c a l R e s i s t a n c e 
o f t h e S k i n , " A r c h i v e s o f N e u r o l o g y a n d P s y c h i a t r y , 5 6 , 1 9 4 6 , 5 4 4 - 5 5 7 . 
( 2 6 ) W . R . H u d s o n , " W o r k p l a c e D i m e n s i o n s a n d P h y s i o l o g i c a l C o s t 
t o t h e W o r k e r — A P r e l i m i n a r y S t u d y , " T h e J o u r n a l o f I n d u s t r i a l E n g i n ­
e e r i n g , 1 3 , M a y - J u n e , I 9 6 2 , I 5 O - I 5 3 . 
( 2 7 ) W. R. Hudson, "A Study of the Dynamic Response Character­
istics of a Reaction Force Apparatus for Measuring Physiological Cost 
of Dynamic Manual Work," The Journal of Industrial Engineering, 1 3 , 
January-February, 1 9 6 2 , 15 -18. 
( 2 8 ) James H. Greene, and W. H. M. Morris, "The Design of a 
Force Platform for Work Measurement," The Journal of Industrial Engi­
neering, 1 0 , July-August, 1 9 5 9 , 3 1 2 - 3 1 7 . 
( 2 9 ) James H. Greene, and W. H. M. Morris, "The Force Platform: 
an Industrial Engineering Tool," The Journal of Industrial Engineering, 
9 , March-April, I 9 5 8 , 1 2 8 - 1 J 2 . 
( 3 0 ) "Environment and Blood Pressure," British Medical Journal, 
2 , November 1 5 , I 9 5 8 , 1 2 0 8 - 1 2 0 9 -
( 3 1 ) William D. Stroud, editor, Diagnosis and Treatment of 
Cardiovascular Disease, Fourth edition, F. A. Davis Co., Philadelphia, 
1 9 5 0 , 8 3 6 - 8 6 3 . 
( 3 2 ) George W. Comstock, "An Epidemiologic Study of Blood 
Pressure Levels in a Biracial Community in the Southern United States," 
American Journal of Hygiene, 6 5 , 1 9 5 7 , 2 7 I - 3 I 5 . 
( 3 3 ) Bernard D. Karpinos, "Blood Pressure and Its Relation to 
Height, Weight, Race and Age-World War II," American Journal of Hygiene, 
6 8 , 1 9 5 8 , 2 8 8 - 3 1 1 . 
( 3 4 ) Albert G. Schnurman, "Blood Pressure in Relation to Age, 
Weight, and Height, An Analysis of 1 5 , 2 2 5 Blood Pressure Determinations," 
Virginia Medical Monthly, 6 8 , November, 194 1 , 6 6 0 - 6 6 2 . 
( 3 5 ) W. W. Tuttle, and S. M. Howoth, "Comparison of Effects of 
Static and Dynamic Work on Blood Pressure and Heart Rate," Journal of 
Applied Physiology, 1 0 , March 1 9 5 7 , 2 9 4 - 2 9 6 . 
( 3 6 ) G. C. E. Burger, L. H. Wesseling, and H. C. Burger, "Reac­
tions of Pulse-rate and Blood Pressure in Dynamic and Static Work," 
abstracted in Ergonomics, 4 , October, I 9 6 I , 2 8 0 - 2 8 1 . 
( 3 7 ) Oswald S. Lowsley, "The Effects of Various Forms of Exer­
cise on Systolic, Diastolic, and Pulse Pressures and Pulse Rate," 
American Journal of Physiology, 2 7 , 1 9 1 1 , 4 4 6 - 4 6 6 . 
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